Zeolite types LTZ and LSX were synthesized from bauxite and kaolin in Ghana and characterized by x-ray diffraction, scanning electron microscopy, energy dispersive x-ray spectroscopy and Fouries transformed infrared spectroscopy. The zeolites were then applied to used lubricant oil and parameters lubricant engine oil were measured and compared to those of fresh ones. Parameters such as flashpoint, viscosity index, pour point, sulfur content, heavy metals, specific gravity, refractive index and carbon residue were analyzed. The results obtained showed that zeolite types A and X successfully removed heavy metals, particularly lead, copper and iron that were in the spent oil. A removal efficiency of 23.40 % Fe, 96.76 % Zn, 19.05 % Cu and 12 % Cr were obtained for Zeolite A with a yield of 62 % whilst 32.81 % Fe, 39.00 %, Zn, 47.61 %, Cu and 24 % Cr were obtained for zeolite LSX with a yield of 67 %. The viscosity index of the virgin, zeolite LTA treated and zeolite LSX treated oils were 115, 121 and 115 respectively. These results showed that used engine oils recovered using glacial acetic acid and zeolites A and LSX can be reused.
The conventional methods of recycling of waste engine oil either requires a high cost technology such as vacuum distillation or the use of toxic materials such as sulfuric acid. Over the years acid-clay has been used as a recycling method but was found to have many disadvantages aside not being able treat multigrade oil and also not efficient in removing asphaltic impurities (Fox, 2007) . Solvent extraction which involves selective dissolution of undesirable aromatic component leaving desirable saturated components such as alkanes in order to improveoxidative stability and viscosity characteristics of the base oil replaced acid treatment as the method. However, this method was found to be extremely expensive (Shakirullah et al., 2006; Rincon, Canizares, & Garcia, 2003; Martins, 1997) . In recent years propane with characteristic solubility in paraffinic, waxy and oxygenated materials and insoluble in asphaltenes has been used as a solvent (Dang, 1997) . The shortfall of this method is the hazardous and flammable nature of propane, losses in solvent extracted and highly skilled and mainetenace cost of the the process. In addition, extraction occurs at pressures higher than 10 atm and requires high pressure sealing systems which makes solvent extraction plants expensive to construct, operate and the method also produces remarkable amounts of hazardous by-products (Kajdas, 2000) . Membrane technology is another method that has been used for the regeneration of used lubricating oils. In this method three types of polymer hollow fiber membranes [polyethersulphone (PES), polyvinylidene fluoride (PVDF), and polyacrylonitrile (PAN)] were used for recycling the used engine oils. The process being a continuous one is carried out at 40 °C and 0.1 MPa pressure and it aims at removing metal particles and dusts from used engine oil and also improves the recovered oils liquidity and flash point. Despite the above mentioned advantages, the main drawback is the expensive membranes which may get damaged and fouled by large particles (Puerto-Ferre, & Kajdas, 1994) . Vacuum distillation and hydrogenation are two other methods that have been employed for recycling of used engine oil (Kwakye-Awuah, Von-Kiti, Nkrumah, Ikyereve, & Williams, 2016) . This method removes most of the contaminants from the waste oil. The advantages of these process are the high quality standard as well as minimized by-products. However, this method involves very high investment cost (Kwakye-Awuah, Von-Kiti, Buamah, Nkrumah, & Williams, 2014; Kwakye-Awuah, Von-Kiti, Nkrumah, & Williams, 2013) .
Removal of the degraded additives and contaminants in the spent lubricating oil by using acetic acid -zeolites can help in restoring the properties of the oil as well as minimizing cost and waste by-products as well as enhancing product yield. In this work two types of synthetic zeolites: zeolite types A (LTA) and low silica type X (LSX) were synthesized from kaolin and bauxite as described in our earlier report (Kwakye-Awuah et al., 2014) . These two zeolites were chosen based on their pore sizes and crystal morphology which makes them highly efficient in their adsorption and ion exchange properties: two properties required for efficient regeneration of spent engine oil.
Method

Materials and Reagents
Natural raw materials: bauxite and kaolin were sampled from Ghana Bauxite Mining Company site, at Awaso in the Western Region of Ghana. Sodium hydroxide (Analar grade) was purchased from Analar Normapur, UK and distilled water was obtained from the Water Research laboratory, KNUST. Bauxite was sampled from Awaso in the Western Region particularly close to the Ghana Bauxite Company site. The kaolin and bauxite were grounded and sieved with 0.75 μm mesh sieve under dry conditions. Virgin lubricant engine oil were purchased from Ghana Oil (Goil) filling station in Kwahu. Spent lubricant engine oil were collected from mechanical shop in Kwahu at least 3 months after being used in vehecles by commercial drivers.
Synthesis of Zeolites LTA and LSX
Synthesis of Zeolite LTA
Starting with zeolite LSA the method, the aluminosilicate source (kaolin) was sieved under dry conditions with a size fraction of 200 mesh to select particles of size < 75 μm for zeolite synthesis. The dried powder was then calcined at a temperature of 600 o C to form metakaolin. Meanwhile, 7.5 g of NaOH pellets were pounded into a fine powder at room temperature and dry-mized with 5.0 g of the metakaolin for 30 min to obtain a homogenous mixture. The resultant mixture was fused at a temperature of 600 °C for 1 hour. The fused product was grounded in a mortar into a fine powder of which 10.00 g was then added to in 100 ml of distilled water under magnetic stirring conditions to form reaction gel/slurry with a specific molar composition. The mixed gels were then transferred into polytetrafluoroethylene (PTFE) Teflon bottles (Cowie Technology Ltd) and heated in an oven at 100 °C for 6 hours, removed from the oven at the scheduled time and quenched in cold water. The crystallized ssample was filtered and the mother liquor was kept in a diiferent beaker. The sample was then washed copiuously with distilled water until the pH of the filtrate was 10. Finally, the samples were oven dried overnight at 100 °C grounded into fine powder, weighed and kept in plastic bags in a cool cupboard. C for 5 hours and. 50 ml portion of the aluminate extract was added to 100 ml the mother liquor obtained after crystallization step in the synthesis of zeolite LTA to form reaction gel with a specific molar composition. The hydro-gel was aged for 24 hours at room temperature, transferred into polytetrafluoroethylene (PTFE) Teflon bottles (Cowie Technology Ltd) and heated in an oven at 100 o C for 4 hours to obtain crystallized sample. The crystallized ssample was filtered and the mother liquor was kept in a diiferent beaker. The sample was then washed copiuously with distilled water until the pH of the filtrate was 10. Finally, the samples were oven dried overnight at 100 °C grounded into fine powder, weighed and kept in plastic bags in a cool cupboard.
Characterization of Synthesized Zeolites
A PANalytical Empyrean Powder X-ray diffractometer (PANalytical, UK) was used to collect data using BraggBrentano geometry and a slit configuration of a degree fixed divergence slit of 0.25°.
The morphology of the starting materials and the as-synthesized zeolites were determined by a Zeiss EVO 500 (Zeiss, UK) scanning electron microscope (SEM) equipped with energy dispersive x-ray spectrometer (Zeiss, UK). Surface morphology and atomic percentage compositions for the present study were done using EDX. The samples were prepared similarly to SEM for EDX analysis. The vibrational properties as well as the chemical bonds present in the samples were analyzed with a Mattson FTIR spectrometer (Mattson Instruments, UK) equipped with a ZnSe crystal plate attached to the spectrometer with a mercury cadmium telluride. The thermal analysis were conducted with a thermogravimetric analyzer equipped with differential thermal analysis software (TGA-DTA)
Purification of Used Engine Oil
Samples of the used oil from commercial vehecles which had been used for close to four months were collected and filtered to remove impurities such as sand, metal chips and micro impurities by using a vacuum pump, Buchner funnel, and a filter paper. Three litres of the spent oil were filtered for the sample preparation and allowed to settle for twelve hours. Further filtration was done by centrifugation for 20 minutes at 10000 rpm causing the suspended particles in the oil to settle at the bottom of the flask, and the liquid portion was decanted. The decanted liquid was preheated and 100 ml of it was poured into a beaker and treated with 10 ml of 99.9% glacial acetic acid. The mixture was thoroughly mixed at a temperature of 50 o C to obtain a homogenized acid-oil mixture; allowed to cool and kept for 24 hours. The acid-oil mixture was poured into a separating funnel and the acid sludge was discharged at the bottom of the separating funnel and was removed gradually and repeatedly. 5, 10, 15 and 20 g of Zeolite LTA and Zeolite LSX were each mixed with 100 ml of the acid treated oil. The mixture was well stirred on a hot plate magnetic stirrer for 20 minutes and then centrifuged. The refined lube oils were then analyzed. Vol. 10, No. 4; 2018 15 From the XRD spectra the positions of the peaks in the sample were at 2 = 6. 15, 11.74, 15.47, 23.34 and 26.75 o . These peaks coreespond well with that of zeolite LSX synthesized from chemical reagents in the ICDD database. In addition the SEM images (Figure 3) as well as the EDX spectra ( Figure 4 and and corresponding to an internal tetrahedron asymmetrical stretch vibration was found in the zeolite. The band at 680.57 cm -1 correspond to linkage due to symmetric stretch was also found whilst the band at 570.82cm -1 relates to the existence of double ring in the framework structure of zeolites was also present (Kwakye-Awuah et al., 2014) . These bands suggest that the synthesized sample was zeolite in the class of zeolite LTAA, due to auspicious double ring vibrational peaks. For zeolite LSX, the band at 1047 cm The flash points of the recycled spent oils were determined and the values compared with that of the virgin oil and used oil. An engine oil's flash point is the most reduced temperature at which the oil when heated under determined conditions radiates adequate vapour. When this vapour blends with air, it can be ignited suddenly by a predetermined fire. It is a measure of how the oil is tainting. A low flash point indicate tainting with volatile species such as gasoline. From Table 2 , the samples treated with Zeolites LTA and LSX had lowest averaged flash points as compared to that of kaolin, spent oil and the virgin oil although the values were in acceptable regions. The high flash point of the virgin oil (264 °C) was due to the presence of sdditives. The decreased values of the flash points for the spent and those treated with both zeolites LTA and LSX were due to fuel contamination and the addition of glacial acetic acid, which reacted with the additives in the oil (Hamawand et al., 2013) . Furthermore, the bronsted and Lewis acid sites in the zeolites are likely to have also reacted with the additives causing the marked reduction in the flash point although the values were well within the minimum (55 o C) flash point temperature. Similar explanation could be attributed to other properties such as viscosity, refractive index and specific gravity of the oil.
Quality Control Tests
The ideal pour point temperature for engine oil is about 15 o C. Reacting the spent lubricating oil with glacial acetic acid and later treating the solvent extracted with kaolin gave remarkable results of −15°C. This was higher than that of the virgin oil. It is very probable that the additives in the virgin oil may have affected its pour point. This was not the case however in the used oil and both the zeolites treated oils because the additives had little effect on their pour points.
The Kinematic viscosity at 40 °C of the recovered used oil was affected by the metakaolin reducing it from 169.9 cSt to 129.2 cSt and that of zeolites A and LSX were reduced to 134.6 cSt and 136.9 cSt respectively. Comparing these values to the virgin oil, the average kinematic viscosity recorded at 40 o C was 149.91 cSt. At 100 °C the average viscosity values for all the recycled oil samples differs slightly from that of the used oil. The spent lubricant had its original kinematic viscosity at 100 o C increased by 13 % compared to the virgin oil. However, the kinematic viscosity of the spent lubricant was not greatly affected at 40 °C. It would appear that recycling the spent lubricating oil with metakaolin, zeolites A and LSX gave very comparable results at both temperatures (40 °C and 100 °C) as compared to that of the virgin oil. The results from all the adsorbents showed a reduction in the kinematic viscosity of the spent oil respectively. This meant that all the adsorbents were effective in removing the oxidized products, deposits, and varnishes from the spent oil (Diaz, Bernardo, Fernandez, & Folgueras, 1996) . This was also an indication of the removal of some of the additives which had been originally added to the lubricating oil in enhancing its viscosity.
The average viscosity index of the recycled used oil with metakaolin was 118, higher than that of the used oil which was 94. Viscosity index of the zeolites LTA had an average value of 121 and that of zeolite LSX was 115. Zeolite LTA had the highest viscosity index compared to the virgin oil and the spent oil. The viscosity index of all the recycled oils had better values than even the virgin oil. Clearly all the adsorbents had a very good effect on the viscosity index of the recycled oil. The viscosity index of all the recycled oils were high. Hence, there is no need to add additives to improve same. apr.ccsenet.org Applied Physics Research Vol. 10, No. 4; 
Chemical Properties
The used oil was found to have an average acid number of 10.2138 mgKOH/g (Table 3 ). After recycling the recovered used oil with metakaolin this dropped to an average value of 4.2045 mgKOH/g. However, the addition of zeolites (LTA and LSX) to the recovered used oil dropped to 3.0401mgKOH/g for zeolite LTA but increased slightly to 4.2422 mgKOH/g for zeolite LSX. The virgin oil had an average acid number 5.1885 mgKOH/g. These results showed that the organic and inorganic acids, esters phenolic compounds water and corrosive materials which resulted from oxidation process occurring in the engine at high temperatures have been successfully reduced.
Zinc are added to engine oil as zinc diethyldithiophosphate (ZDDP), zinc dithiophosphates, and zinc dialkyldithiocarbamates. Average zinc concentration in the virgin oil was 0.0527 ppm. This was added to the base oil as part of multi-functional additives for improving oil's performance. Other metals also found in the virgin oil were Iron with an average concentration of 0.0057 ppm, copper with an average concentration of 0.0013 ppm and Chromium with an average concentration of 0.0047 ppm. The recycling of the used oil with metakaolin and the zeolites as compared to that of the used oil led to a reduction in zinc content by 94.96 %, 96.76 % for zeolite LTA and 93.88 % for zeolite LSX figure. The wearing of the galvanized piping in an engine block led to an upsurge in the average concentration of metals in the used engine oil. A very common wear metal in a car's engine block introduced into a lubrication oil after a period of use was iron. Iron has been reported to emanate from various places in an engine block such as pistons, camshafts and crank shaft, liners, rings, gears, and the oil pump (T. Yusaf, B. F. Yusaf, & Elawad, 2011; Aucelio, de Souza, de Campos, Miekeley, & Da Silva, 2007; Owrang, Mattsson, Olsson, & Pedersen, 2004) and its concentration depends on the bearings inside the engine block (Yusaf et al., 2011; Owrang et al., 2004; Maduako, Ofunner, & Ojinnaka, 1996) . The concentration of iron in the recycled oil increased (0.0082 ppm) when metakaolin was used. However, zeolite LTA and LSX reduced the iron concentration by 23.4 % and 32.81 % respectively. In case of copper, the removal efficiency of 38.10 % with 19.04 % and 47.61 and for zeolites LTA and LSX respectively. . All these indicate a degradation of an engine oil. No bands were also observed at 3400 and 1150 and 960 cm -1 respectively indicating degradation of an engine oil due to sulfation, water and wear of additives products. The absence of all these bands really confirmed the virginity of this engine oil. The occurrence of oxidation in the lubricating engine oil was caused by the presence of oxygen in the cylinders of the engine block. This was at a particular pressure and temperature and can also be partitioned into two. That is oxidation at low and high temperatures. When low temperature oxidation occurs in an engine, it prompts the development of alkylhydroperoxides ROOH, dialkylperoxides ROOR, alcohols ROH, aldehydes RCHO and ketones RR´C=O. Likewise, cleavage of a dihydroperoxide also prompts the formation of diketones RCO(CH2) x COR, ketoaldehydes RCO(CH2) x CHO, and hydroxyketones RCH(OH)-(CH2) x COR. At elevated temperatures higher than 120 o C, the oxidation procedure is partitioned fundamentally into primary and secondary oxidation stages. At the primary oxidation stage, a start and proliferation of the radical chain reaction are the same as that initially talked about under low-temperature conditions, but however selectivity is decreased and reaction rates increased. At higher temperatures cleavage of hydroperoxides is the most imperative part. Carboxylic acids (RCOOH) that was produced was one of the fundamental products delivered under these oxidation conditions. In the next step they reacted with alcohols ROH to produce esters (RCOOR). The end reaction continues through primary and secondary intermediary radicals at temperatures above 120 °C. These intermediary secondary radicals likewise reacted in a non-ending approach to produce primary and secondary alkoxy radicals (Kauffman, 1998; Aucelio et al., 2007) . According to Aucelio et al. (2007) the secondary oxidation stage happens at higher temperatures where the viscosity of the mass medium increases as an after effect of the polycondensation of the broken oxygenated products formed at the primary oxidation stage. Further polycondensation and polymerization reactions of these high molecular weight intermediates lead to the formation of sludge (Yusaf, et al., 2011; Maduako et al., 1996) . Vol. 10, No. 4; oxidation mixes, on account of the way that (C=O) bonds were firmly absorbed at this frequencies [36] . The spectrum of the used engine oil (Figure 9 ) showed medium new bands at 1704 .82 and 1634.54 cm -1 indicating the presence of short chained compounds in carbonyl groups from esters, ketones or acids [37 -39] . The formation of these compounds in the used engine oil was mainly due to the oxidation processes that occurred in the oil as it was in use. According to Diaz et al. (1996) and Riazi and Roomi (2001) were due to the hydrocarbon compounds mixing with small chain lengths and C-H vibrations within C-H groups contained in the spent oil (Fox, Pawlak, & Picken, 1991) . The presence of aromatics and PAHs in the used oil were located by new bands that occurred at 850, 810 and 1630 cm -1 , which represented the hydrocarbons that were in the aromatic ring. There was also a degradation of the used oil as a result of absorption of water at the bands 900 cm -1 and fuel from the engine 1200 cm -1 .
Analysis of Oxidative Components
The results of the recycled oil followed by the addition of metakaolin, zeolite LTA and zeolite LSX showed no peaks of degradation as compared to that of the used oil ( Figure, 10 -12 ). All the above results showed no oxidation, nitration and sulfation components. Hence the adsorbents Metakaolin, Zeolites A and LSX were all able to remove the degraded products from the spent engine oil.
Conclusion
The impact of recycling spent lubrication oil using different adsorbents such as metakaolin, zeolites A and LSX with Glacial acetic acid by mimicking the acid-clay percolation procedure, gave results with values that were comparable to that of the virgin lubrication oil. The outcome of this study demonstrated that the Acid-Metakaolinpermeation process gave lower quality recycled oil than that of Acid-Zeolites process. All the procedures additionally reduced the zinc content in the recycled oil with metakaolin and Zeolite A having higher expulsion. After the recycled process, the saturation compounds increased from 43 % in the spent oil to a maximum yield of above 80 %. Clearly the Glacial acetic acid-zeolites percolation procedure was a decent system for the expulsion of pollutants from spent oil which upgrades the qualities of the spent oil similar to that of a quality base oil. This new Glacial acetic acid-zeolites recycling procedure have shown from this exploration work that, there would be a high probability of getting great quality base oils from spent lubricating engine oils. This will also be more practical and cheaper than the generation of the base oil from raw petroleum products, as the number of purification stages involved would be reduced.
